Ronniger, an endemic species for the Allchar locality, were evaluated for their polyphenolic composition and heavy metals. Allchar district is an abandoned antimony-arsenic-thallium deposit in the north-west of Kožuf Mountain, R. Macedonia, with a unique mineral composition affecting the mineral composition of the flora. A systematic method for phenolic compounds characterization was developed using mass spectrometry coupled to HPLC/DAD. Analyses were focused on the polyphenolic compounds to establish a possible correlation to the region specific heavy metals As and Tl in the different organs of T. alsarensis. Twenty-seven polyphenols: phenolic acid derivatives and flavonoid glycosides of luteolin, apigenin, quercetin, and kaempferol were detected; contents were higher in the leaves and flowers compared with stems and roots. Quinic acid (1), prolithospermic acid (6), salvianolic acid B (7), salvianolic acid A (8), monomethyl lithospermate (9), luteolin dihexoside (12), luteolin pentosyl-hexoside (14), luteolin acetyl pentosyl-hexoside (16), luteolin acetyl hexoside (17), luteolin dipentoside (21), luteolin pentoside (24), luteolin acetyl dipentoside (25), kaempferol pentosyl-hexoside (19) and kaempferol acetyl pentosyl-hexoside (22) were detected in T. alsarensis for the first time.
Allchar district is an abandoned antimony-arsenic-thallium deposit in the north-west of Kožuf Mountain, Republic of Macedonia, with a complex and unique mineral composition that affects the flora in the region. The genus Thymus is one of the most polymorphic genera of the Lamiaceae family. Species of this genus are characterised by emphasized polymorphism and the presence of a number of subspecies, varieties and forms. Thymus flora is very rich and diverse in the territory of the Republic of Macedonia [1] . T. alsarensis Ronninger of the genus Thymus L., Sect. Marginati (A. Kerner) A. Kerner, Subsect.Verticillati (Klok. et Shost.) Menitsky is an endemic aromatic and medicinal plant present in the Allchar locality [2] .
Wild thyme is used as an expectorant, antispasmolitic, antiseptic and anthelmintic [3] . Infusion and decoction of aerial parts of Thymus species are used to produce tonics, carminatives, digestive aids, antispasmodics, anti-inflammatories and expectorants [4] . Furthermore, such preparations are used for the treatment of the common cold in Macedonian traditional medicine. Previous investigations on Macedonian Thymus samples have attempted to characterise the composition of essential oil as well as the content of flavonoids [5a-5c] and some trace elements [6] in these herbs.
Certain plants can accumulate essential and nonessential heavy metals in their roots and shoots to levels far exceeding those present in the soil. Metal accumulating plant species are invariably restricted to metalliferous soils found in different regions around the world [7a] . The mechanisms of metal accumulation, which involve extracellular and intracellularmetal chelation, precipitation and translocation in the vascular system, are poorly understood [7b] . Only a restricted number of plants from the local flora are able to grow in metalliferous soils, and it probably affected their metabolic pathway which is in correlation with polyphenolic compounds production. In the present work, a thorough study has been made to determine the polyphenolic profiles and content of T. alsarensis from the Macedonian flora, using HPLC coupled to UV-Vis diode array detection and tandem mass spectrometry with an electrospray ionization source (LC/DAD/ESI-MS n ). The systematic analysis for identification and quantification of all present phenolic compounds including phenolic acids, flavonols, flavones and flavanones has been carried out in order to establish a possible correlation between polyphenolic compounds and specific heavy metals (As and Tl) in the different organs of the endemic T. alsarensis.
Qualitative analysis:
In total, 27 phenolic compounds were identified and classified into four groups: phenolic acid derivatives (9), flavones (11), flavonols (5) and flavanones (2) . All retention and spectral data for the detected compounds are given in Table 1 . -at m/z 271).
Quantitative analysis:
The quantification of all polyphenolic compounds was achieved using standard solutions of caffeic acid, quercetin 3-O-rutinoside (rutin), and apigenin as representative of their own group of polyphenols (Table S1 -S4, Supplementary data).
Total phenolic content was determined as a sum of phenolic acids and flavonoids (flavones, flavanones and flavonols).
The total phenolic content was the highest in flower, followed by leaf, root and steam extracts. It was in the range from 8.15 to 314 mg/g dry herb for flowers, 20.6 to 224 mg/g dry herb for leaves, 3.00-12.8 mg/g dry herb for stems and from 0.76 to 22.4 mg/g dry herb for roots ( Table 2 ). The total amount of phenolic acid derivatives in T. alsarensis extracts ranged from 3.44 to 81.6; from 4.38 to 23.9; from 0.33 to 8.69; from 0.53 to 10.5 mg/g dry herb for flowers, leaves, stems and roots, respectively.
Salvianolic acid A (8) was found in all studied samples, and its content was around 85% of total phenolic acid content (Table S1 -S4, Supplementary data). Compound 2 (caffeic acid glucoside) was the next most abundant phenolic acid compound in leaves, stems and root samples, whereas in the flowers the second dominant phenolic acid was hydroxyjasmonic acid O-hexoside (5), followed by monomethyl lithospermate (9) .
Total content of flavonoids in the extracts of T. alsarensis ranged from 4.70 to 232; from 16.2 to 211; from 1.77 to 7.02; from 0.23 to 11.9 mg/g dry herb for flowers, leaves, stems and roots, respectively (Table 2) . Flavones were the dominant group and their content counts for 80, 63, 41 and 77% of total flavonoid content for flower, leaf, stem and root extracts, respectively. Luteolin 7-O-glucoside (15) was present in all analyzed samples and its content contributes around 36 and 62% to the total flavone content for flower and leaf samples and 52% for stem and root samples. The contribution of flavonols to total flavonoid content was 20% for flowers and leaves and 57 and 3% for stem and root samples, respectively. Quercetin 3-O-glucoside (11) was present in all analyzed samples and its content to total flavonol content contributed to around 86% for flower, leaf and root samples, and 64% for stems.
ICP-AES assays:
Of the 14 sites where T. alsarensis samples were collected (Table 3) , 5 (No. 3, 5, 6, 10 and 14) around the Allchar mine are in an area known to possess the highest content of Tl and As in the soil [12a] . Comparison of samples collected near or around the Allchar mine (n = 5) with samples from the rest of the area (n = 9) revealed significant differences in the content of As and Tl.
It was evident that the samples of T. alsarensis were able to accumulate heavy metals, especially As and Tl, and distribute them in all parts of the plant. The content of As was significantly higher in the roots than in the stems and leaves and not detected in most of the flower samples ( Table 2 ). The content of Tl was significantly higher in all samples of T. alsarensis collected from the Allchar locality (3, 5, 6, 10 and 14). The highest As accumulation was found in the roots, ranging from 0.83 to 623 mg/kg. For the above ground parts of this species, the highest values of As were found in the leaves, ranging from 0.5 to 102 mg/kg, followed by stems ranging from 0.5 to 92.6 mg/kg. The lowest content of As was observed in the flowers (ranged from 0.62 to 26.8 mg/kg). Comparison of the content of Tl in different parts of the plant indicated that the higher content of Tl was observed in the roots (147 mg/kg), flowers (131 mg/kg) and leaves (104 mg/kg), and slightly lower in stems (60.7 mg/kg).
Comparison of the results obtained for total polyphenols and for As and Tl content does not suggest any correlation (positive or negative) between the total phenolic content and the content of Tl and As. On the other hand, from the comparison on the identified compounds with those found in literature [13] , it is evident that the soil rich with specific heavy metals (Tl and As) affects the type of polyphenolic compounds produced in different organs, compared with those growing on soil which is not contaminated. The compounds reported here for the studied extracts of T. alsarensis such as: quinic acid (1), prolithospermic acid (6), salvianolic acid B (7), salvianolic acid A (8), monomethyl lithospermate (9), luteolin dihexoside (12), luteolin pentosyl-hexoside (14), luteolin acetyl pentosyl-hexoside (16), luteolin acetyl hexoside (17), luteolin dipentoside (21), luteolin pentoside (24), luteolin acetyl dipentoside (25), kaempferol pentosyl-hexoside (19) and kaempferol acetyl pentosyl-hexoside (22) have not been reported previously for any Thymus species. This specific polyphenolic pattern could be attributed to the specific environment in the Allchar region characterized with soil rich in arsenic and thallium minerals that is also reflected in the mineral composition of the plants growing there.
Experimental
Plant material: Plant samples were collected at 14 locations within the abandoned mine described above (Table 3 ) during the summer of 2011. Specimens of T. alsarensis ( Figure S1 ) were sampled according to their abundance and biomass (10-20 replicates from each sampling site). Entire plant samples were washed carefully with double distilled water to remove soil particles, left to dry and then separated into roots, stems, leaves and flowers. Plant material was dried and homogenized to a constant weight at room temperature for 7-14 days. 0.25 mL min -1 and the injection volume was 10 µL. Spectral data from all peaks were accumulated in the range: λ = 190-600 nm and the chromatograms were recorded at λ=280, 300, 320 and 350 nm. The mass detector was an ion-trap mass spectrometer equipped with an electrospray ionization (ESI) system. Nitrogen was used as a nebulizing gas at a pressure of 65 psi and the flow was adjusted to 12 L/min. The heated capillary and the voltage were maintained at 325°C and 4 kV, respectively. MS data were acquired in the negative ionization mode. The full scan covered the mass range of m/z 100-1200. LC-DAD was used for separation and quantification. Peak assignment of the various classes of polyphenols in the chromatograms was based on comparison of their retention behavior and UV-Vis spectra with those of the authentic compounds and literature data. The conjugated forms of the polyphenolic compounds were further characterized by electrospray ionization mass spectrometric detection. Quantification was performed by HPLC/DAD using five-point regression curves (R 2 ≥ 0.999) of authentic standards. Flavonols were determined at 350 nm using quercetin 3-O-rutinoside (rutin), phenolic acid derivatives at 320 nm using caffeic acid as external standard, and flavones and flavanones at 300 nm using apigenin. The contents of As and Tl were analyzed by atomic emission spectrometry with inductively coupled plasma, ICP-AES (Varian, 715-ES, USA) using ultrasonic nebulizer CETAC (ICP/U-5000AT + ) for better sensitivity [19] .
Supplementary data: Total content of phenolic acids and flavonoids (in mg/g) for all compounds detected in the flower, leaf, stem and root extracts of the 14 samples of T. alsarensis are given in Table S1 -S4, and photographs of T. alsarensis in Figure S1 .
